The aim of this research was to study the Mos rooster breed growth performance, carcass and meat quality. Nowadays, Mos rooster is the only autochthonous breed of Galicia (NW Spain) included in the Official Catalogue of Cattle's Breeds of Spain as being in danger of extinction. However, the recent interest, both public and private, that the recovery has aroused means that we can count on differentiated product that requires appropriate studies to compete with other breeds on the market. The breed effect (Mos vs. Sasso T-44) and finishing feed in the last month (fodder vs. corn) on animal growth, carcass characterises, meat quality, fatty and amino acid profile were studied. Finishing feeding did not affect growth parameters in the two genotypes of rooster tested (P>0.05). Nonetheless, the comparison between the two types of roosters led to significant differences in growth parameters (P<0.05).
Regarding carcass characteristic, no significant influences of finishing feeding treatment (P>0.05) were found and as expected, carcass weight clearly differed between genotypes, due to the lower growth rate of Mos roosters. However, drumstick, thigh and wing percentages were greater in Mos breed, than in hybrid line. In colour instrumental traits, roosters feeding with corn showed breast with a significant (P<0.001) higher L* and a* and b* lesser than cocks feeding with commercial fodder. Values of shear force were less than 2 kg for both genotypes, thus it can be classified as "very tender" meat.
Birds finishing with corn increased significantly (P<0.001) the PUFA content in the breast, obtaining in the Mos breed a P/S ratio of 0.73. The amino acid profile of the indigenous breed breast was not similar to that of the commercial strain breast, besides finishing feeding treatment had more impact on amino acid profile affecting the majority of amino acids. (MARM, 2010) . This breed is known for its great rusticity which allows it to adapt to extensive production system. It has been established, that many factors are modified in extensive systems compared to intensive, such as climatic variations and physical activity for animals, which may influence carcass, physicochemical meat traits and consequently meat quality.
In the development of local breeds and their typical products it is advisable to evaluate the role and values of their traditional farming systems. Widespread societal concerns about animal welfare (Sundrum, 2001 ) and environmental issues caused by intensive farming are primary factors contributing to an emerging interest in the diversification of poultry industry towards more extensive and sustainable production systems. The use of local breeds as an alternative poultry production system has important advantages, as these breeds are closely related to the environment and they help to maintain biodiversity and sustainable agricultural production, especially in depressed areas.
In addition, several studies have observed that consumers have grown somewhat tired of broiler meat, because of their scarce taste. Furthermore, the higher income of the population have resulted in consumers becoming more demanding in the choice of products, seeking good quality and specifying what they prefer, since local chicken breeds has good acceptation in a gourmet niche. Previous studies confirm that carcass and meat quality can be influenced by individual factors such as diet (Fris Jensen, 1997) , age/live weight (Touraille et al., 1981) and breed or genotype (Jaturasitha, 2008; Wattanachant, 2004) . However, information about this breed is very scarce and only previous studies on chemical composition and physico-chemical properties of meat from castrated roosters (Sanchez, et al., 2005; Diaz, et al., 2010) and on fatty acid profile of intramuscular fat of breast and drumstick (Rodriguez, 2010) have been realised on this breed, but no more knowledge is published in the literature.
Hence, there are no studies about production performance, carcass characteristics, meat quality or sensorial properties in entire Mos roosters; the aim of this study is to describe the aforementioned parameters.
Materials and Methods

Experimental design, animal management and sample collection.
A total of 80 roosters (n=30 of Sasso T-44 line and n=50 of Mos breed) were used.
They were separated by breed were and allocated to two feeding treatment groups (concentrate and corn). Each feeding treatment group consisted of 15 and 25 roosters, for Sasso T-44 line and Mos breed, respectively. Birds were fed with a standard compound feed (ME: 13.19 MJ/kg, CP: 230 g/kg as fed basis, for more details see Table 1   2   3   4   5   6   7   8   9   10   11   12   13   14   15   16   17   18   19   20   21   22   23   24   25 1), provided by Piensos Biona (Lalin, Spain). Table 1 shows the chemical composition and fatty acid profile of commercial fodder. Intakes of compound feed and live weight (LW) of birds in all treatment groups were recorded biweekly during the 6 month of experimental period. All birds were slaughtered in an accredited abattoir at 6 months by manual exsanguination, plucked and eviscerated. Carcasses were refrigerated for 24 hours at 4 ºC to determine carcass weight (CW), dressing percentage (DP) and main commercial cuts. From the refrigerated carcasses head, neck, legs, edible viscera (heart, liver, gizzard), and fat (perivisceral, perineal and abdominal) were removed to obtain the joints: drumstick, thigh, wing and breast. The pectoralis major and peroneous longus muscles were excised from breast and drumstick for analysis. Breast was used to measure pH, colour parameters, water holding capacity and textural traits, whereas drumstick was minced and used for chemical composition determinations.
Analytical Methods
pH, colour, heme-iron content and chemical composition
The pH, colour and chemical composition of the samples were measured according to describe by Lorenzo et al. (2011) , whereas heme-iron content was measured following Franco et al. (2011) .
WHC and texture analysis
Breast cuts were cooked placing vacuum package bags in a water bath with automatic temperature control (JP Selecta, Precisdg, Barcelona, Spain) until they reached an internal temperature of 70 ºC, controlled by thermocouples type K (Comark, PK23M, UK), connected to a data logger (Comark Dilligence EVG, N3014, UK). After cooking, samples were cooled in a circulatory water bath set at 18 ºC during a period of 30 min Four meat pieces of 1×1×2.5 cm (height × width × length) were removed parallel to the muscle fibre direction and were completely cut using a Warner-Braztler (WB) shear blade with a triangular slot cutting edge (1 mm of thickness). Maximum shear force (Møller, 1980) , shear firmness (Brady and Hunecke, 1985) and total necessary work performed to cut the sample were obtained.
The water-holding capacity (WHC) was measured by cooking loss (CL). The CL was evaluated by cooking breast (pectoralis major muscle) as described in the texture analysis. The CL was calculated by measuring the difference in weight between the cooked and raw samples as follows: 
Analysis of fatty acid methyl esters
Before analysis, intramuscular fat was extracted from 5 g of ground meat sample according to Folch et al. (1957) . Lipid extracts were evaporated to dryness under vacuum at 35 °C and stored at -80 °C until analysis by preparation of fatty acid methyl esters (FAME´s). Lipids were transesterified with a solution of boron trifluoride (14%) in methanol, as described by Carreau and Dubacq (1978) . Fifty milligrams of the extracted lipids were esterified and the FAME´s were stored at -80 °C until chromatographic analysis.
Separation and quantification of the fatty acid methyl esters was carried out using a gas chromatograph (GC, Agilent 6890N, Agilent Technologies Spain, S.L., Madrid, Spain) respectively. Helium was used as carrier gas at a constant flow-rate of 1.1 mL/min, with the column head pressure set at 35.56 psi. The split ratio was 1:50, and 1 μL of solution was injected. Nonanoic acid methyl ester (C9:0 ME) at 0.3 mg/mL was used as internal standard. Individual fatty acid methyl ester, were identified by comparing their retention times with those of authenticated standards. Fatty acids were expressed as a percentage of total fatty acids identified.
Protein amino acid profile.
The hydrolysis of the protein, derivatization and identification of hydrolizated amino acid was carried out following procedure described by Franco et al. (2010) .
Sensory analysis.
The taste panel evaluation was conducted with eight panellists selected from the Meat Technology Centre of Galicia. Panellists were trained according to methodology proposed by UNE regulations [UNE 87-024-95 (AENOR, 1995) ] over 3 months with the attributes and the scale to be used. The samples were individually labelled with 3-digit random numbers. Ten sensory traits of drumstick fresh meat were considered: skin colour, skin transparency, darkness lean, fat firmness, intensity odour, rancidity odour and liver odour, while for cooked meat were taste intensity, rancidity taste, liver taste, hardness, juiciness, pastosity and fibrousness, following methodology proposed by UNE regulations [UNE 87-013-96 (AENOR, 1996a) , UNE 87-017-92 (AENOR, 1992), UNE 87-025-96 (AENOR, 1996b), UNE 87-026-00 (AENOR, 2000) ]. The intensity of every attribute was expressed on a structured scale from 0 (very low) to 9 (very high) in two sessions, a specific session for this samples and the evaluation session. During sensory evaluation, the panellists were situated in private cubicle illuminated with red light, according to UNE regulations [UNE 87-001-94 (AENOR, 1994) , UNE 87-004-79 (AENOR, 1979)]. The panellists were given water to clean the palate and remove residual flavours at the beginning of the session and between samples.
Animal growth
The mathematical model used to describe the sigmoid profiles of animal growth was the logistic equation (Vázquez et al., 2004; Rial et al., 2011) : 
where, G is the growth of roosters (kg), G m is the maximum growth of roosters (kg), t is the age of growth (weeks), µ m is the specific maximum rate of growth (weeks ) the corresponding slope. 
Numerical methods and statistical analysis
where:
Y ij is the observation of dependent variables, µ is the overall mean, B i is the effect of breed, F j is the effect finishing feed, and ε ij is the residual random error associated with No significant differences in the kinetic parameters were observed when the two types of feeding were compared in the two varieties of rooster tested (P>0.05). Nonetheless, the comparison between the two types of roosters led to significant differences in all parameters (P<0.05) less in the lag phase. Thereby, the final growths and rates were higher on Sasso T-44 than Mos breed and the times for semi-maximum growth were lower on Sasso T-44. Although Sasso T-44 birds are slow growing, they belong to a commercial strain genetically selected for meat production, so the animals grew quicker than the Mos breed ones. In chickens, the indigenous breeds are also shown to grow much more slowly than commercial broilers (Wattanachant et al., 2004) . Meanwhile, obtain "Villalba Capón" (a typical product of Galicia) studied the growth of animals slaughtered at 24 and 32 weeks. This author found LW of 3.867 and 4.641 kg for Mos breed and Sasso T-44 respectively at 24 weeks. Differences of LW might be due to the caponisation effect, although this effect on LW is not so clear. Thus, some studies reported a positive effect (Tor et al., 2002; Mast et al., 1981) whereas others did not find any effect (Zanusso et al., 2001; Duran, 2004) or even that roosters were heavier than capons (Cason et al., 1988; Miguel et al., 2008) . Upon comparing Mos growths with those of some Spanish autochthonous breeds it can be observed that Mos breed has superior final LW at the same age, such as Castellana Negra with 2.351 kg (Miguel et al., 2008) , Extremeña Azul with 2.145 kg (Muriel et al., 2004) , Penedesca Negra with 3.313 kg slaughtered at 28 weeks (Tor et al., 2002) .
Carcass characteristics
Carcass characteristics of Mos and Sasso T-44 roosters are shown in Table 3 . Results are expressed in percentage because they showed that the noted differences were not simply due to the birds achieving greater weight but also due to interaction between genetic and nutrition. there were clear differences in main joints between genotypes except for breast cut (Table 3) . Drumstick, thigh and wing percentages showed significant differences, since the highest mean values were of Mos roosters and the lowest were of Sasso T-44.
However, breast, that is the most highly valued piece of the chicken, was similar for both genotypes. The sum of thigh and drumstick provides an idea of the ratio between the weight of the edible products and the bones, which gives a good image of carcass quality as a whole (Ricard, 1972) . In the present study Mos breed had a significantly higher percentage of edible product than Sasso T-44 (34.25 vs. 31.19; P<0.001) . The percentage of head (including the comb) was significantly (P<0.001) larger in Sasso T-44 cocks, whereas legs were significantly (P<0.001) smaller.
Meat quality
Chemical composition of drumstick as well as colour and textural parameters from breast for both types of roosters are shown in The total collagen amount measured in pectoralis muscle was more abundant in the Mos breed and in birds that were fed with corn although it did not reach any statistical significance (P>0.05). In this study, animals had been slaughtered at the same age, therefore could not have differed in total collagen content because of age (Dawson et al., 1991) but mainly by the genotype. In the same sense, similar results were found by Jaturasitha et al. (2008) when they worked with four genotypes of chickens.
Regarding colour instrumental traits, roosters fed with corn showed a significantly higher luminosity (P<0.001) and redness (P<0.001) in pectoralis muscle, as well as less yellowness, than cocks fed with commercial fodder. Meat and skin colour are influenced by various factors including heme-pigments, genetics and feeding (Fletcher, 1999; Xiong et al., 1999 ) and the present study confirmed the presence of a strong feeding influence. According to Fletcher (2002) breed is a factor that affects poultry meat colour; however in our study there were not significant differences. In the same Cooking loss of 8.55-9.55% for Mos and Sasso T-44, respectively, was lower when compared to the 33% and 31% reported for organic and broiler chickens (Castellini, et al., 2002) and 19-23% found for the Thai indigenous chicken (Jaturasitha et al., 2008; Wattanachant et al., 2004) . Results in the same range were found in Padovana breed chicken (13-14%) (De Marchi et al., 2005) . When compared with a previous study on for Mos breed slaughtered at 6 months and these authors did not found breed effect when comparing Sasso T-44 and Mos, which is consistent with our study.
In different species, it has been established that the values of shear force increased with age, due to an increase in the hardness of the connective tissue and also due to an increase in the collagen cross-linking (Fletcher et al., 2002; Aberle et al., 2001 ). This is noticeable in the present study, as shear force levels were slightly higher than those found for broiler breast meat (Fanatico et al., 2005; Cavit et al., 2004) . Despite the fact that meat tenderness is affected by IMF, moisture, and collagen content, we did not find 
Fatty acid composition
The fatty acid (FA) composition of the finishing diets is shown in Table 1 . The greatest difference between treatments was found for the linoleic acid and PUFA content, two times higher in corn diet. The intramuscular FA percentage (g/100 g of total FA) composition is shown in Table 5 C20:3n-6 there were no differences between genotype, whereas differences in FA profile were mostly less pronounced between the two feeding treatments. Oleic acid was the main FA in breast fat and reached the highest level in birds feeding with concentrate (37.65%) followed by palmitic acid and linoleic acid. This pattern was consistent with that reported by Sheu and Chen (2002) and De Marchi et al. (2005) . However, these results are not in agreement with those reported by Jaturasitha et al. (2008) in breast raw meat of Thai chicken since palmitic was the most abundant FA, followed by linolenic acid. In contrast, other studies reported linolenic as the predominat FA in Castellana Negra cocks (Miguel et al., 2008) . Hence, it has been established that FA composition of chicken fat varies with breed, sex and diet (Edwards and Denman, 1975) . Mos breed had greater levels of linoleic and stearic acid than Sasso T-44 cocks, whereas palmitic and oleic acid were higher for Sasso T-44 than Mos breed. Regarding diet, as expected when the dietary PUFA level increased (see corn FA in Table 1 ) PUFA content in the breast increased significantly (P<0.001; Table 5 ). To assess the nutritional index of breast meat fat, the PUFA/SFA ratio (P/S) were determined. In this study, breast from
Mos breed showed a P/S ratio of 0.73. This P/S ratio was higher than the range values (0.5-0.7) reported as being typical of the Mediterranean diet (Ulbrich and Southgate, 1991) and also than the recommended ratio of 0.45 by the British Department of Health (1994). The P/S ratio for Mos breed was greater than those reported for broilers (0.19) and Thai indigenous chicken (0.06) (Wattanachant et al., 2004) . On the contrary, Jaturasitha et al. (2008) found P/S ratio of 0.80 and 0.85 for broiler and Thai indigenous chicken due to strong relationship between dietary fat source and adipose tissue content (Scaife et al., 1994; Lopez Ferrer et al., 1999) . 
Amino acid composition
The hydrolizated amino acid profiles (g/100 g protein) are shown in Table 6 . The knowledge of the amino acid composition of foods serves as a basis for establishing their potential nutritive value. Breed had a significant effect on leucine and lysine within essential fraction, while arginine and glutamic acid were affected in non essential fraction. On the other hand, finishing feeding treatment had more impact on amino acid profile affecting almost every amino acid with the exception of methionine and valine in essential fraction and hydroxiproline and tyrosine in non essential fraction. Glutamic acid, arginine and aspartic acid were the major amino acids found in the non-essential fraction representing a mean value of 12.43, 9.80 and 8.83% of the protein, respectively.
In both breeds, the lowest mean values were found out in hydroxiproline (0.82%), tyrosine (3.92%) and proline (4.04%). In the essential fraction, the major amino acids were lysine and leucine, and we found the highest values in Mos breed (10.37 and 7.79%, respectively). Should be noted that values of lysine (22.09 g/kg fresh meat) and observed by Elgasim and Alkanhal (1992) and Paul and Southgate (1978) when studying chicken samples, although these authors found higher values for glutamic acid (16.74%) and aspartic acid (10.01%) and lesser for arginine (6.38%). In other species; such as lamb, goat, camel (Elgasim and Alkanhal, 1992; Gorska et al., 1988) , pig (Nielsen, 1973; Belitz et al., 2001 ) and ostrich (Sales and Hayes, 1996) glutamic and aspartic acids in the non-essential fraction and lysine and leucine in the essential fraction, were also the major amino acids. Table 7 shows the results for breast meat tested by sensorial panellists. There were significant differences in raw meat between Mos and Sasso T-44 in colour and transparency of the skin (P<0.01) and in fat´s hardness, whereas finishing feeding treatment had a significant influenced on colour skin, fat´s hardness and odour intensity.
Sensorial analysis
This outcome was expected, as significant differences between genotypes in instrumental colour were reported in the present study (Table 4) . Once breast meat was cooked, only hardness was affected by fed treatment, and corn finishing birds showed higher tenderness (4.12 vs. 5.87; P<0.05, Table 7 ). Tenderness is generally the most important attribute driving meat acceptance (Fletcher, 2002) ; however, meat is not a homogeneous product, as there is tenderness variation from fillet to fillet (Cavitt, 2004) .
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